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The U.S. Department of Defense (DOD) has set goals for greater consumption and procurement of renewable energy. These goals are informed by two pieces of legislation: the Energy Policy Act of 2005 (EPACT) and USC Title 10 § 2911 (e). As of Fiscal Year (FY) 2011, the DOD had achieved only 3.1% of an FY 2011 EPACT goal of 5% for total electrical consumption coming from renewable resources. In the same year, the DOD achieved only 8.5% of the USC 2911 goal stipulating that by 2025, 25% of total energy be procured or generated renewable energy (Department of Defense 2012). These goals and policies illustrate the need for more renewable energy at military installations, as well as the opportunity for the military to partner with nearby landowners in developing renewable energy projects.
Tribal lands represent approximately 5% of the national renewable energy technical potential (Doris, Lopez, and Beckley 2013) , and their close proximity to many DOD installations makes the Tribes potential partners in helping the DOD meet its renewable energy goals. The benefits to the Tribes include additional income streams and workforce development in green jobs.
This white paper surveys DOD installations that could have an interest in the purchase of energy from renewable energy projects on tribal lands. Tribes, in the right context, could supply local renewable energy to meet military demands, which would provide additional sources of energy to the installations, helping them meet federal requirements for renewable energy purchases and greenhouse gas reduction. Tribal members could benefit from additional income from land leases and energy sales, as well as workforce development and maintaining the renewable energy projects. Identification of likely purchasers of renewable energy is a first step in the energy project development process, and this paper aims to identify likely DOD electricity customers that tribal commercial-scale projects could serve.
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This white paper builds on a geospatial analysis completed in November 2012 identifying 53 reservations within 10 miles of military bases (DOE 2012) . This analysis builds on those findings by further refining the list of potential opportunity sites to 15 reservations (Table ES-1) , based on five additional factors:
1. The potential renewable resources required to meet the installation energy loads 2. Proximity to transmission lines 3. Military installation energy demand 4. State electricity prices 5. Local policy and regulatory environment Table 1 summarizes the main results, sorted by the distance from the tribal lands to the installation. There is not sufficient information available to perform an economic analysis for different projects however, the distance is indicative of potential economic impact on the project. The average commercial electric rate for each state is also included as a proxy for the installation electric rates, however it is likely that the installation will pay a different rate. An economic analysis of proposed projects might change the list of sites. If a list of projects is not available, a straw-man project could be evaluated for each installation, assuming the same resource. This project would allow an economic assessment to include state incentives and utility rates. In addition to these factors that identify the potential for off-taker opportunities regarding renewable energy projects on tribal lands, there are several other factors that would influence actual development, including the military's procurement rules for energy and the strategy for land development.
Given the small number of potential sites identified through this analysis, it is possible that outreach to Tribes and associated bases to identify interest in a partnership may further limit the list to a more realistic group for further analysis. To further define the context in which the partnerships might be appealing, the following additional information is included in Table 1: 1. Proximity to transmission lines. The transmission proximity figure is based on the total capacity of all transmission lines (kV) within 10 miles of the tribal lands. Only Tribes and military bases with close proximity transmission lines are included in these results. Note that the available transmission capacity is not estimated but could be included in further refinements of the analysis. 2. State energy prices. The average commercial energy rate for each state was taken from the U.S.
Energy Information Administration website (EIA 2012). These energy rates were used as a proxy for site electric rates and are included here to indicate the relative cost of electricity for the installations. Because the installation utility rates are likely to be different that the state rates, these number were not used in the final sorting analysis. 
Acquisition Scenarios
Several acquisition scenarios were developed to illustrate different arrangements between the Tribes and the installations:
• The Tribe could build and maintain the renewable generation systems and sell power to installation. This requires the Tribe to have a sufficiently skilled workforce to develop and maintain the project or a partnership with an external developer. This scenario also allows for the Tribe to use energy from the system if enough additional capacity is built.
• The installation could lease land from the Tribe to build the renewable generation systems. This requires that the military installation has a sufficiently skilled workforce to develop and maintain the project or a partnership with an external developer.
• A developer could lease land from the Tribe and develop the renewable generation system. In this case, the Tribe and installation could both be off-takers from the system if sufficient resources and demand exist. It should be noted that focusing exclusively on DOD installations as off-takers could be limiting the scope of tribal renewable energy development. The development scenarios listed above could also apply in situations where a utility is the off-taker.
For more information on renewable energy project development opportunities and process, access free ondemand webinars developed by the DOE Office of Indian Energy at https://www.nterlearning.org/web/guest/course-details?cid=405.
Next Steps
The 15 sites identified in this report represent the outcomes of a screening-level analysis. A more detailed analysis is required to further identify good potential sites. Potential next steps include:
• Convene a meeting with tribal and DOD leaders to gauge interest in developing projects.
• Develop an economic analysis to identify projects that would meet grid parity in costs. This is an important next step because the DOD will not purchase energy with costs greater than utility rates. If no projects exist, this could be accomplished by analyzing the costs and incentives for a strawman project in each state, e.g, the levelized cost of energy for a 100-kW PV system would be $X/kWh in New Mexico and $Y/kWh in Arizona.
• Develop a more detailed analysis for resource development on the tribal lands. This analysis would include conducting a more detailed study of resource potential as well as identifying specific sites for project deployment. Of course, consideration should be given to culturally significant and sacred areas to ensure that they remain undisturbed. This analysis could also assist the Tribes in understanding which resources should receive the most development attention.
• Develop a grid study for each proposed project in order to identify available capacity within the transmission and distribution networks that serve the tribal lands and installations.
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Appendix A: Resource Documentation and Assumptions Table 2 summarizes the total technical potential and generating capacity for the tribal lands (Doris, Lopez, and Beckley 2013) . The details of these estimates follow the table. Table 3 (Doris, Lopez, and Beckley 2013) contains the total technical estimates, in megawatt-hours, for each generation source for the tribal lands identified in Table 1 . 
Biomass
Solid residues are represented by forest, crop, primary mill, and urban wood residues. Generation is estimated assuming 1.1 megawatt-hour (MWh)/bone dry ton of residue. Gaseous residues are represented by landfill and domestic wastewater residues. Generation is estimated assuming 4.7 MWh/tonne of methane produced by the residues. The solid biomass residues are defined statistically at the county level. Forest, crop, and urban residues are spatially refined by limiting the county level totals to those land cover types within the county. The tribal residue total is calculated based on the proportion of these land cover types falling within the tribal land boundary. Landfill locations are point-specific locations, and only points falling within the tribal boundaries are included. Domestic wastewater residues are estimated based on county populations and are apportioned to the tribal area proportionally by area overlap.
PV-Urban
Resource areas are limited to urban areas. Estimates assume installed capacity of 48 MW/square kilometers (km 2 ), and annual capacity factors calculated from the National Solar Radiation Database Typical Meteorological Year 3 (TMY3) dataset. The analysis utilizes satellite modeled data from the State University of New York (SUNY) and NREL of a 1-axis tracking collector facing the equator with 0 degree tilt, representing 1998-2005. Areas with slope >3%, parks, landmarks, forested areas, wetlands, and impervious surfaces are excluded. Remaining areas are further filtered to eliminate areas <0.018 km 2 in size.
PV-Rural
Assumes installed capacity of 48 MW/km 2 and annual capacity factors calculated from the National Solar Radiation Database Typical Meteorological Year 3 (TMY3) dataset. The analysis utilizes satellite modeled data from SUNY/NREL, of 1-axis tracking collector facing the equator with 0 degree tilt, representing 1998-2005. Areas with slope >3%, urban areas, water features, wetlands, and protected federal lands are excluded. Remaining areas are further filtered to eliminate areas <1 km 2 in size. 
Concentrating Solar Power

Wind
These estimates show, for each of the tribal areas in the contiguous United States, the windy land area with a gross capacity factor (without losses) of 30% and greater at 80 meters (m) and 100 m above ground and the wind energy potential that could be possible from development of the "available" windy land area after exclusions. The "installed capacity" shows the potential MW of rated capacity that could be installed on the available windy land area, and the "annual generation" shows annual wind energy generation in MWh that could be produced from the installed capacity. AWS Truewind, LLC developed the wind resource data for windNavigator (http://navigator.awstruewind.com) with a spatial resolution of 200 m. NREL produced the estimates of windy land area and windy energy potential, including filtering the estimates to exclude areas unlikely to be developed, such as wilderness areas, parks, urban areas, and water features.
Contact the following people for more information on resource estimates:
• Hydropower, Rural PV, Urban PV, CSP: Anthony Lopez, (anthony.lopez@nrel.gov)
• Biomass: Anelia Milbrandt (anelia.milbrandt@nrel.gov) or Anthony Lopez (anthony.lopez@nrel.gov)
• Geothermal: Billy Roberts (billy.roberts@nrel.gov)
• Wind: Donna Heimiller (donna.heimiller@nrel.gov) 9 
